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I. INTRODUCTION

The purpose of this report is to present a model of the ncar-Larth
environment and use it to obtain a best estimate of the average flux of
protons and clectrons in the energy range from 0,1 to 100 kcV for the
International Sun-liarth Lxplorer (ISEL)-A and ~B spacccraft. This re-
port is the result of a study initiated by a concern for the possible
radiation damage to the thermal coating on thesc spinning Spaceccraft,
both of which will be placed in a geocentrie orbit with initial apogee
of 21 Ry, perigece of 280 km, and inclination of 28.5°, Applications of

the model to other high-altitude satellites can be obtained with the ap-
propriate orbit averaging.,

To the best of our knowledge, this is the first attempt to synthe-
size an overall quantitative environment of low-

altitude spacecraft, using data from in situ measurements. In formulat-
ing model environments of the more energetic (= 100 keV) particles trap-
ped in the radiation belts of the Larth (e.8., Sawyer and Vette, 1976),
the spatial cells used are small volumes of the tubes of force formed by
the geomagnetic field, However, the general morphology of the ncar-Larth
pPlasma dictates a much grosser spatial structure in which the average
particle fluxes need to be obtained., The appropriate spatial regions for
the plasma environment consist of various parts of the magnetosphere and
the interplanctary medium in which the character of the low-energy par-
ticles and the magnetic field have Provided a natural identification,
Within these regions, there are large spatial and temporal variations,

The five spatial regions (interplanctary medium,
plasma sheet, high-latitude magnetotail, and inne
been chosen as the spatial structure for the
real geometries of these regions do vary with
the regions must be uscd; then, the ave
in cach region must be ascertained. In the application of this environ-
ment, the final objective is to derive an orbit-averaged, differential
energy, spin-averaged spectra for protons and electrons., To obtain the
best available cenvironment, all quantitative high-altitude sutellite
measurements published in the literaturce have been considered, regardless
of the cnergy or angular resolution of the instrument, Data from low-
altitude, polar-orbiting spacccraft have not been included.  Publications
of qualitative data will be referenced to confirm the trend of the quan-
titative results, Cnly fluxes that arc long-term or reported as typical
will be included. Short-term, transioent phenomena will generally be ne-
glected, unless they make an obvious and significant contribution to the
average environment,  No attempt will bhe made to give a comprehensive
review of tie physics associated with these low=-cnergy particles,

magnetosheath,

r magnctosphere) have

present study. Since the
time, model boundarics for

rage character of the fluxes with-

The basic approach employed in the derivation of

the orbit-averaged
spectra is divided into two steps, In the first step,

published spectry

energy particles for high-
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belonging to cach of the five regions are compiled, and a composite
spectrum representing the environment of that region is constructed.
cases where there are substantial differences in data from scveral mea-
surcments, spectra of a high estimate, as well as a low estimate, are de-
termined.  The details will be given in Section III. 1In the sccond step,
the composite spectra of cach region are weighted according to the frac-
tion of the orbital time the spacecraft is located in the corresponding
region, As the orbits precess about the north ccliptic pole, the weight-
ing factor of cach region changes. The details of the second step, using
the first 6 months of the planned ISEE-A/-B orbit, will be described in
Section 1V,

In

To date, the abundance of the published data and the completeness of
documentation for various regions cannot be viewed with the same standard.
Because of the nature of the plasma characteristics, and perhaps because
of the focus of interest in thc scientific community, the solar wind in
the interplanetary medium is the best documented region, while the mag-
netosheath has comparatively few publications with quantitative data in
absolute flux units, Accordingly, the resultant spectra of one region

may have an uncertainty factor quite different from that of the spectra
of other regions.

As previously noted, the particle properties arc distinctively dif-
ferent in the various spatial regions. Often, it is necessary to use
simplifying assumptions to derive representative spectra for a particular
region. The data on the solar wind proton bulk flow, for example, re-

quirc the computation of time- and spin-averaged fluxes. Details of the
mathematics will be given in the Appendixes,
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[T, THE SPATIAL STRUCTURE FOR ‘THE NEAR-EARTII PLASMA ENVIRONMENT

For the purposc of flux averaging along a given orbit, it is esscn- !
tial to identify the positions of the spacecraft with respect to those
regions of the near-Larth cnvironment that have distinctively different
particle populations, The International Magnetospheric Study/Satcllite
Situation Center (IMS/SSC) has developed a computer program that can
merge a model configuration of the magnetosphere with the ephemeris of an

Earth-orbiting satellite (Vette et al., 1976). This program has direct
application in..the-present study,

PO S

~—

In a report presented at the 10th LSLAB Symposium, (Vette et al.,
1976), eight regions of the near-Earth space were defined by the simple
boundaries that are listed in Table 1, Fairfield's model (Fairfield,
1971) was used for the boundary locations of the bow shock and the r.ag-
netopausc. Some of these regions are illustrated in Figurs 1. This
classification of space is intended to provide a general frame of posi-
tions for the study of particles and fieclds in thc IMS,

Because of the lack of suffic

ient low-cnergy particle data to estab-
lish distinctively different stati

stics for a local time effect in the
magnetosheath and the inner magnetosphere, the further separation of

these two regions into dayside and nightside regions has been eliminated
in the present study, Furthermore, the midlatitude magnetotail and the
neutral sheet have been combined and named the plasma sheet, which is a
popular term in the literature for the low-energy particles found in this
region. As a result of this slight modification, only five regions as

defined in Table 1 have been used; the previously noted IMS/SSC computer
program is still applicablc without change,
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ITI. DERIVATION OF COMPOSITE SPLECTRA

A, The Interplanctary Medium

i ~
The low-cnergy particle cnvironment in the interplanctary medium !
near the Larth is Jdominated by the "quiet" solar wind. Since most of li
the solar wind observations found in the literature are described in
. terms of fluid parameters (temperature, density, and bulk flow speed),

they must be converted to a differential energy flux; the method is given
in Appendix A, Short-term variations in the interplanctary fluxes can be
associated with transient solar activity. These include flare particle
events, fluxes associated with active regions, and interplanctary shock-
associated spikes (for a review, see Lin, 1974b), Shock-associated spikes,
with a duration on the order of minutes, will not appreciably affect the
average environment and are not considered in this study. The presence

of the Earth and its magnetosphere can also add to the near-Earth, inter-
Planetary environment through reflection and emission of particles at the
bow shock (4sbridge et al., 1968; Frank, 1970b; Lin et al., 1974).

The directionality of the various interplanetary fluxes varies widely
and must be taken into account in the construction of a useful composite
spectrum. The electron and proton components of the "quict" solar wind
are distinctly different in this regard, For the electron flux, the ncarly
isotropic thermal component of velocity is large compared with thc bulk d
flow component that is commonly referred to as the solar wind velocity, 1
For protons, the opposite situation is obtained in that the thermal com-
ponent is small compared to the bulk flow component. Thus, the eclectrons 1

i

in the solar wind are essentially isotropic, while the protons arc highly

anisotropic. (For reviews, sce Montgomery, 1972; Wolfe, 1972, Typi- !
cally, the protons arrive within a conc of 20°, centercd along the bLulk :
flow direction (Hundhausen ct al., 1967), In addition, the magnitude of \ !
the bulk flow speed varies within the approximate range of 250 to 700 km/s.

To compare this flux with that from other regions of space where fluxes i
arc more ncarly isotropic, a time- and spin-averaged, solar wind proton

flux is constructed, This approach will be discussed more fully in the

following paragraphs. Details are given in Appendixes B and (.

A typical low-cnergy, solar wind clectron spectrum, with a density :
cqual to 9 em™? and a temperature cqual to 1.5 x 10° K, is shown in Figure
2 (Montgomery ot al., 1908 Montgyomery, 1872y, Also shown is a portion
of the quict-time composite speetrum (Lin et al., 1972), which extends
over 12 decades of flux for energies up to 100 keVe  IMP 6 observit jons
during a "quict" period and during an anisotropic flare packet (Froanl el
Gurnett, 1972) are also shown., The remaining spectra from OGO & (Ol Lode
ol ale, 1971), IMP 4 and [IMP © Wy ot al., 1971), Apollo 15 subsatellite
(Lin, 1974a), and the Apollo 16 subsatellite (Lin of ale, 1973a) were all
obtained during various flare cvents, These events have been observed
for energics as low us 1 hev,
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I'rom this compilation of spectra, a representative isotropic compos-
ite spectrum has been constructed and is also shown in Figure 2. Without
a statistical study of the flarce spectra at cnergies above 1 keV, it is
difficult to determine their contribution to the average environment,
However, by extending the quict-time observation of IMP 6 (Frank and
Gurmett, 1972) to higher cnergics, a rcasonable estimate of the flare
contributions to the quict-time composite of Iin et al. (1972) is obtained.
The IMP 6 spectrum at lower cnergies joins smoothly with the Lin composite
spectrum; and, therefore, they are usced as the basis for the isotropic
composite spectrum below 1 keV, Also shown is a spectrum representing
the maximum anisotropic flare fluxes obscrved,

An interplanctary medium, quiet-time proton spectrum for cnergics
above 38 keV is shown in Figure 3 (Lin et al., 1973b). Also shown is a
derived, interplanctary medium, average proton spectrum based on cnhanced
fluxes associated with solar active regions and flares. This spectrum is
three orders of magnitude below the IMP 6 proton fluxes seen propagating
upstream from the bow shock with energies above 30 keV (Lin et al., 1974).
These IMP 6 protons are observed when the spacecraft is on an interplan-
ctary magnetic field line that intersects the bow shock, In the energy
range from 6 to 40 keV, IMP 4 has observed transient events, which Frank
(1970b) has identified as magnetic storm-associated fluxes. They were
quasi-isotropic in the ecliptic planc but favored intensities arriving
from the solar direction by factors of two to three. A nonstorm upper
limit from IMP 4 for energies in the range of 11 to 18 keV is also shown
in Figure 3. Protons propagating out from the bow shock along interplan-
ctary field lines have been observed by IMP 4 (Frank, 1970b). These
particles, shown in Figure 3, uare quasi-isotropic over a hemispherc look-
ing toward the bow shock and have energies in the range 0.2 to 4 keV.
llowever, for cnergics below about 4 keV and looking in the solar direc-
tion, the solur wind dominates.

The proton component of the solar wind can be characterized as a
highly anisotropic beam of particles with a narrow energy spread. The
peak flux occurs at an energy closc to that given by a proton moving
with the bulk solar wind speed. ‘Two examples of instantaneous solar wind
proton spectra, corresponding to bulk speeds of 300 and 700 km/s, are
shown in Figurce 3. Over a period of time, the solar wind speed ranges
between 250 and 700 hm/s. Derived density and temperature parameters arce
found to correlate with the solar wind speed (for a review, sce Wolfe,
1972)., Using observations from Vela 3A and 3B obtained during the period
July 1965 to November 1967 (Hundnausen et al., 1970), it is possible to
derive a time-averaged, solar wind spectrum, This spectrum is shown in
Figurce 3, and additional details of the derivation are given in Appendix
B. Although this spectrum is derived using a distribution for solar wind
speeds obtained near solar minimum and during a rising portion of the
solar ¢ycle, distributions obtained during other phases of the solar cycle
are only expected to change the average spectram slightly,  The highly
anisotropic nature of this spectrum makes it diftficult to compare with
the other, more isotropic fluxes, To resolve this difficulty, an effec-
tive spin=averaged, isotropic spectrum hos bheen generated and is shown
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in Figure 3. An arca that is oriented perpendicular to the ecliptic planc
and spinning about an axis that is also perpendicular to the ccliptic
planc, will reccive the same average flux from this speetrum as it would
from the anisotropic, time-averaged, solar wind spectrum. The derivation
of this spin-averaged spectrum is given in Appendix C, Similarly, a spin-
averaged, bow shock spectrum has been constructed by smoothly joining the
two bow shock-related spectra and then dividing the flux by two to account
for the quasi-isotropic naturc of these fluxes over onc hemisphere., The
resulting spin-averaged, bow shock spectrum is shown in Figurc 3.

A composite proton spectrum for the interplanctary medium near the
Carth now can be constructed by adding together the spin-averaged, solar
wind and bow shock proton spectra. This spectrum, shown in Figure 3, is
isotropic and simulates the effcct of the obscrved anisotropic spectra on
a plane area that is spinning as previously described. This is approxi-
mately the geometry for a unit area on the side of the spinning ISEE-A/-B
spacecraft.

B. The Magnetosheath

The magnetosheath is the region between the bow shock and the magne-
topause as shown in Figure 1, The bow shock is the boundary defined ob-
servationally by the abrupt changes that occur in the characteristics of
the plasma and the magnetic field (Montgomery et al., 1970). The magne-
topause is the boundary formed by the gcomagnetic ficld as a standoff
limit to the solar wind plasma from the interplanctary medium.

In the magnetosheath, the post-shock plasma from the solar wind flows
around the magnetosphere and is usually turbulent (flundhausen et al.,
1969; Scudder et al., 1973). For the low-energy particles in this recgion,
the presentations of information in the literature are generally divided
into two groups: (1) in the form of differential spectra constructed
directly from the observed fluxes (e.g., Frank, 1970a; Rosenbauer ct al.,
1975); and (2) in terms of particle distribution functions and moments
expressed as conventional fluid parametcrs that arc also derived from the
observed fluxes (c.g., Hundhausen, 1970). When available, data obtained
in absolute flux units will be used for analysis.,

Figure 4 shows the electron spectra measured by the Vela 4B, IMP 5,
and Apollo 14 spacecraft with the source publication listed in the figurce
legend, ‘The Apollo 14 data are given to show that the clectron spectra
in the distant magnetosheath (~60 Rpj:) are similar to thosc obscrved by
Vela 4B at ubout 18 Ry,

Because of the lack of comparuble statistical information about these
measurements, there is no simple way that the various spectra can be prop-
crly weighted to construct a single, smooth spectrum, For the present
purpose o1 making a crude, quantitative projection of the environment, an
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upper-bound and & lower-hound envelope are constructed as the composite
spectrea for a high and low estimate,  As shown by the dashed lines in
Figure 4, the composite spectra are generally broader than any of the
individual, measured spectra,  Given the uncertainty as represented by
the range of variations in the estimates, the composite spectra can be
regarded as representing the long-term, average fluxes in the region,

As is the ease for clectrons in the interplanctary medium, the angu-
lar distribution of the magnetosheath clectron fluxes shows reltively
little variation (within a factor of two) with respecet to the bulk flow
direction (Montyomery ct al., 1970). Therefore, no spin averaging is
nceded for the present flux estimates.

Figure 5 shows the magnetoshcath proton spectra observed by the
HEOS 1, HEOS 2, IMP 4, and IMP 5 satellites. For the low-cnergy protons
in this region, the bulk flow velocity is a major contributing factor in
the observed kinetic encrgies of the particles (lundhausen et al., 1969).
The proton flux, therefore, is highly anisotropic with the peak flux in
the direction of the bulk flow as shown by the [0S 2 mcasurcments at
three azimuthal angles in Figure 5. llowever, in comparison with the pro-
tons in the interplanctary medium discussed previously, the protons in the
magnetosheath generally have a lower bulk flow speed and a higher mean
thermal velocity. Conscquently, the angular distribution of the low-cnergy
protons is less anisotropic in the magnetosheath than in the interplanetary
medium.  In addition, proton spectra in the muagnetosheath show considerably
morce deviation from a Maxwell-Boltzmann distribution than in the casc of
the interplanctary medium (Formisano et al., 1973),

A. creviously described for the case of clectron spectra in the mag-
netosheatn, an upper-bound and a lower-bound envelope arc construacted to
serve as compositc spectra representing a high estimate and a low esti-
mate in the presumed flow direction, Becausc the composite spectra arc
generally broader than any of the individual, obscrved spectra, the result
of the estimated flux, when integrated over all energics, will be conser-
vatively higher than the average situation. llowever, the differential
flux from the composite spectrum at a given cnergy will probably be com-
parable to the average measurcment within the range of uncertainty as
indicated by the high and low ecstimates.

In order to calculate the averaged proton fluxes received by o unit
arca of a spinning surface with the spin axis perpendicular to the ccelip-
tic planc, both the flow component as well as the thermal component of
the particle velocity must be considered in the angular integration and
the spin-averaging processes,  In practice, as desceribed in detail in
Appendix b, it is convenient to make the calculation using an analvtic
distribution function that fits the composite spectra,

In general, the K-distribution function with K = 2 (Fomalswne of 1.,
1973) is found to give a reasonable it to a typical, obscrved proton
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speetrum in the magnetosheath, In the present analysis, the composite

proton spectra of the magnetosheath can be well approximated by the K-

distribution with a bulk flow speed of 240 km/s, thermal cnerpy (K1) of
400 ¢V, and a density of cither 17 em™ 3 or 2 em”™? for the high and low

estimates, respectively,

The results of the calculation (see Appendix D for details) are
presented in Figure 6, The effective isotropic spectra shown in the fig-
urc give the cquivalent isotropic environment that the previously speci-
fied surface arca will cncounter in orbit., ‘They can be used to compare
with other isotropic spectra for the purpose of muking flux cstimates on
this area, but they cuannot be used for other purposes such as calculating
an omnidirectional flux. A procedurc for correctly deriving an omnidi-
rectional flux spectrum is included in Appendix b,

C. The Inner Magnetosphere

The inner magnetosphere, shown as region C in Figurc 1, is composcd
of the entire dayside magnetosphere and that part of the nightside magne-
tosphere wherc the absolute valuc of the X-coordinate is less than 10 Ry
in the geocentric solar ecliptic (GSE) coordinate system. A further re-
striction for this study is the consideration of only ncar-cquatorial
latitudes. This large, asymmetric volume, which includes the inner and
outer radiation belts, is known to contain a sca of protons and clectrons
with energies in the range 100 eV to 50 keV (cf., Vasyliunas, 1972).
Observations of the elect:iuns arc considerably more complete thun those
of the protons, but cven they are lacking in spectral, tcemporal, and spa-
tial coverage. This is in part a result of background problems, somc of
which arise from the presence of higher energy particles and solar ultra-
violet radiation (Gringauz, 1969), and some not yet clearly identificd
(Lyons and Williams, 1976). Nevertheless, the gencral picturc for clec-
trons is one of considerable spatial structurc and temporal variation in
the flux of this region. (For reviews, sec Gringauz, 1969; Vasyliwias,
1972.)

It is more difficult to characterize the proton population in the
inner magnetosphere since there are few observations covering the more
distant parts of the dayside region beyond an I (Mcllwain paramcter) of
about 7., OGO 3 obscrvations (Frank and Owens, 1970) have provided a sur-
vey of low-cnergy protons in the evening to midnight quadrant., (lor
reviews, sce FMrank, 19703 Vasyliuna:, 1972,) DProtons in the plasma shect
continue across the inner boundary of the plasma sheet up to the plasma-
sphere.  The evening plasma sheet boundary, as identificd in the electron
flux, is not obscrvable in the proton {flux. ‘These protons arc most in-
tense in the evening sector, forming the quict-time, proton ring current
centered near L = 0.5, Dburing storms, the intensity of thesce protons

ireatly increases, forming the storm=time ring current (cf., Feain, 1907h).
’ ¢] , b b
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In addition, the dayside magnetosphere boundary (magnetopausce) has
been observed to contract sipnificantly inward during larpe geomagnetic
storms,  The greatest observed contraction to date was associated with
the storm of August 2, 1972, when the magnetopause was reported to bhe
inside the Lxplorer 45 satellite position ot L = 5,2 (lMofTman et al.,
1975).  The cffects of such a contraction on the particles normally re-
siding outside the synchronous orbit (I ~ 0.6) have not yet been observed
but arc certainly significant.

Vasyliunas (1972) has described the spatial structure of the clectron ‘
fluxes with cnergics from 100 eV to a few keV. Theso clectrons arc found /
within the ecquatorial region of the magnetotail, where they form the l
plasma sheet, Thesc intense fluxes terminate abruptly where they define
the inner boundary of the plasma sheet in the cvening side of the magneto-
sphere, This occurs at about 11 R during "quict" times, This boundary 1
approaches the plasmaspherc (~6 RE) near the midnight meridian. Moving
from cvening to earlier, local times, this boundary remains at ~11 Rg and,
finally, intersects the magnetopause near noon. Weak clectron fluxes arc T
obscrved between the plasma sheet and the plasmaspherc in the cvening
sector, They arc observed to be an order of magnitude or morc below thosc
in the plasma sheet at a few keV (Schield and Frank, 1970). They grow
stronger as one moves to earlier, local times and expand in spatial cx-
tent until they fill the entire region between the magnetopause and the !
plasmapause ncar noon., In the morning sector, the fluxes show a strong
radial gradient, iucrcasing toward the magnetopause. In the predawn -
hours, the fluxes become very intensc and extend all the way from the }
magnetopausc in to the plasmapausc. At these local times, they are an ;
order of magnitude larger than at other local times. These fluxes must
then decrcasc as onc moves toward midnight so as to merge with the plasma '
sheet, During substorms, the plasma shect boundary moves toward the
Earth in the evening sector. It is, therefore, apparent that the innesr
magnectosphere will also contain appreciable plasma sheet clectrons that
must be included in the generation of a composite clectron spectrum for
this region.

e b o

Figure 7 is a representative compilation of the differential clec-
tron spectra available in the literature. 000 1 (Vasy liunas, 1968) and
0G0 3 (Frank, 1967c; Schield and Frank, 1970) specetra were obtained in
the evening and midnight s-ctors, raspectively.  The 0G0 3 spectra in the
plasma sheet at L = 9,8 and in the odge of the plasma sheet at L = 9,25
arc more than an order of magnitude higher than the clectron trough spec- J
trum at L = 8.8 for cnergies of a fow keV, At L = 5.3 (in the plasma-
sphere) and at I, = 3,9, the spectra arc between those at ], = 8.8 and I, =
9.8 for cnergics of a few keV., At the lower energices, they continue to !
rise, while the plasma sheet spectra appear to tall.  The 0G0 1 spect rum
was obtained during a substorm and shows the typical plosma sheet spectrum
extending over the cvening repion from 7 to 11 Ri;e At this time, the
5=Rp; spectrum has the appearance of the 060 3 trough spectrum,  The Hawk-
eye 1 spectrum at L= 5.8 (Gurnctl and Frawiz, 1976) and the Electron 2

-

speetrum at L = 8 (Vernov ot al., 1900) were both obtained in the morning 4
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sector and are consistent with the radial gradient previously discussed,
In association with g Large magnotic disturbance, the Hawkeye 1 spectrum
wis observed to be an order of magnitude larger than the more typical
spectrum shown in Figure 7. The lixplorer 45 spectrum at |, = 5.2 (Lyons
and Williams, 1975) and the ATS 5 speetrum at L = 0,6 were observed in
the evening sector.  These specetra were about an order of magnitude below
the €GO 3 spectrum at L = 5.3, At 10 keV, the ATS 5 spectrum (Barfield
¢t al.. 1977) is more than a factor of 50 below the other spectra,  Dur-
ing a substorm, the ATS 5 spectrum increased two orders of magnitude for
energics in the range of 10 to 20 keV,  These differences arc indicative
of the spatial and temporal variations that can occur,

The average outer zone integral clectron spectrum from the AL-4
model (Singley and Vette, 1972), for L in the range 6 to 8, has been dif-
ferentiated and included to show the trend above 50 keV., The correspond-

ing spectrum for L = 10 would be about an order of magnitude lower at
these energics,

Irom this compilation of spectra, a sin
represent this region has been constructed
cnergies above 10 keV, this spectrum is constructed to lie above most of
the observations and still be within a factor of two or three of an aver-
age of the observations. At cnergies between 1 and 10 keV, this spectrum
is constructed to represent an average between the intense fluxes en-
countered in the plasma sheet and predawn hours and the much lower fluxes
observed in the electron trough region for late afternoon and cvening
hours. At encrgies bLelow 1 keV, this spectrum is constructed to reflect
the rising trend of the 0GO 3 data at L = 3.9, 5.3, and 8.8, Although
the plasma shect spectra appear to be falling at these energies, the lack
of sufficient local time coverage requires a more conservative approach
in this cnergy range. This composite speetrum can be assumed to be iso-
tropic for the purposecs of radiation damage studics., The error associ-
ated with this approximation is small compared to the uncertaintices assoc-
wated with the spatial and temporal variations.,

gle composite spoctrum to
and is shown in Figure 7. At

I'igure 8 is a representative compilation of the differe
Spectra available in the literaturc. All spectra were obtained in the
carly evening to midnight quadrant, exeept for the synchronous 0v2-5
spectrum (Stevens ct al. , 1970) obtained at noon with L= 6,0, ‘The cor-
responding midnight spectrum at synchronous altitude was about a factor
of four lower for energies in the 60 to 100 keV range.  The 0G0 3 obser-
vations at L = 3.9, 0, and 11.8 (IMvank, 1967¢) can he associated with the
plasmasphere, ring currcent and plasma sheet, respectively, during "quict"
times. The coffect of a geomagnetic storm on the 000 3 observations at
L= 4, 0, and 7.1 is also shown.  The increased flux at .= 4 in the 10-
to 40-keV range is an observation of the storm-time ring current.,  An
average spectrum, obtained from 0GO 3 during Junce and July 1960, is shown
for I = 4.5 and I, = ¢ (Vinncella and Frank, 1971Y,  There are considerable
differences below 4 AoV between these average spectra and the singloe

ntial proton
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observations at L = 3,9 and 6 discussed carlicr., These differences are
assumed to be indicative of the temporal variations. The Explorer 45
obscrvations at L = 4,25 (Smith ot al., 1976) and L = 4,0 Williams b
al., 1973) correspond to relatively "quict" conditions. The perpendicu-
larly mirroring flux at L = 4,25 was about a factor of 25 higher at 30 lc¢V
during the main phasc of a gcomagnctic storm, The two AIS 5 spectra (De-
Forest, 1972) at synchronous altitude (L = 6.6) correspond to ncar-loss
cone and near-cquatorially mirroring fluxes in the evening scctor. The
similar magnitudes of these two spectra indicatc a nearly isotropic flux.
As was the casc for the electrons, the error in assuming isotropy will be
small comparcd to the other uncertaintics.

A single composite spectrum was derived from these observations and
is also shown in Figure 8. This spectrum follows the upper range of the
quiet-time observations for energies above 1 keV. Below 1 keV, the spec-
trum follows the rising trend of the spectra at L = 3.9 (0GO 3), 4.25
(Explorer 45), and 4.6 (Explorer 45). This should provide a. conservative
representation of this energy range, espccially in view of the divergence
of trends below a few keV.

D. The Plasma Sheet

In the model configuration of the near-Larth space described in Sec-
tion II, the plasma sheet is a nightsiue region centered about the mid-
plane of the magnetotail with a thickness of 12 Rg. At a radial distance
of 18 Rz frem the Earth, Vela satellite measurements have shown the same
thickness for the plasma sheet near the dawn and dusk edges of the mag-
netotail (Akasofu et al., 1973). llowever, the Vela satecllites observe
that the apparent thickness of the region gradually reduces to about 6 Rg
near the local midnight meridian. Since the plasma intensity in the ad-
jacent high-latitude magnetotail is comparatively much lower than in the
plasma sheet, an overestimate of the size of this region will give a
conservative estimate of the fluxes in this part of space.

Figures 9 and 10 show the low-energy proton and electron data record-

ed by the Vela 3B, Vela 4B, and 0GO 3 satellites during the 1965 to 1968
time period. It is noted that the Vela 4B spectra in Figure 10 are com-
posites that arc based on a set of five spectra published by lones et al.
(1972). All the spectra used in this study are classified as typical
plasma shect protons or electrons by the cxperimenters., LEffccts of sub-
storms and isolated localities of acceleration or injection arc regarded
as transient phcnomena and have been tentatively excluded.,

It can be scen in Figures 9 and 10 that the spectra, as obscrved by
different satcllites or at different times, are quite variable in energy
range as well as in flux level. Similar to the case of the magnctosheath,
high and low cstimates arc constructed to serve as composite spectra and
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are shown by the dashed lines in Figures 9 and 10, The area cnveloped
by the composite spectra represents the range of uncertainty in the esti-
mates,

There have been reports that the protons in the plasma shect form
cnhanced flows (c.g., loncs cé al., 1972, 1973, 1974) during magneto-
spheric substorms and sometimes producc cxplosive jet strcams (called
"fircballs") in some localities in the magnetotail (Frank et al., 1976).
liovever, with the exception of these occasional events during substorms,
the fluxcs of low-cnergy protons and electrons in the plasma sheet have
been characterized as '"most often isotropic" (Akasofu et al., 1973; Bame
et al., 1967). Because only long-term effects arc of major concern in
the present study, no spin averaging is required, and all fluxes are taken
to be isotropic.

E. The High-Latitude Magnetotail

The plasma intensity in the high-latitude magnetotail is generally
very low during "quiet" times. It is usually below the detection thresh-
old of the instrument or below the cosmic-ray background level. The Vela
clectrostatic analyzer, for example, can only measure the electron flux
in the region, but cannot record the proton flux during nonstorm time, be-
cause the proton count rate is below the count ratc produced by the cos-
mic rays in the instrument (4dkasofu et al., 1973). Comparatively, the
Vela instruments have documented very extensive data of both electrons
and protons for the plasma sheet region previously discussed.

In fact, there are only two spectra published in units of differen-
tial flux available in the literature for the high-latitude magnetotail
region: onec for protons from an IMP 4 measurement (Frank, 1970a), and
one for elcctrons from Vela 5B, 6A, and 6B observations (dkasofu et al.,
1973). These two spectra, shown in Figure 11, have already been quoted
as representative spectra in many review articles (e.g., Vasy liunas, 1972;
Frank, 1970a; Wolfe and Intriligator, 1970).

The shapes of the spectra in this rcgion arc similar to those found
in the magnetoshcath, but the flux level is much lower than in thc mag-
netoshcath., The high-cnergy skew of the proton spectrum above 2 keV
resembles in shape the skew of the reported ring current protons, (For a
review, sce Vasyliunas, 1972.)

Isotropic angular distributions for the fluxes of protons and clec-
trons in this region arc reported as a usual featurc (Frank, 1970a; Aka-
sofu ¢t al., 1973); and, thercfore, no spin averaging is necded.

The validity of these spectra in the high-latitude magnetotail is
limited to a radial distance below 22 R, The high-latitude magnetotail
at lunar distances of 60 Rp, for instance, can have quite different
characteristics (Hardy ol ale, 1976},
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As previously noted in Section II, a region of relatively less oxe-
tent just inside the magnetopause, named the Plasma mantle (Rozenbauer
¢t al., 1975) or boundary layer (Akazofu et al., 1973), has not been
treated scparately in the present Study. The particles in this boundary
layer have been observed to have the characteristics between that of the
magnctosheath and the Plasma sheet, Since this layer is very thin, less
than 1 Rg in most cases, it is expected that the omission of this region

study.

F. A Summary of the Composite Proton and Electron Spectra

Composite proton Spectra from the five regions are shown in Figure
12, High and 1ow estimates are given for the spin—averaged, magnetosheath
Spectra and plasma sheet spectra. The high-estimates, corresponding to
envelopes of observed differential fluxes, will give an overestimate or
upper bound to the integral fluxes, Similarly, the 1low estimates yield
a lower bound for the integral fluxes., The high-estimate magnetosheath

to 6 keV; while above 6 keV
The spin-averaged, interplanetary proton
time-averaged, solar wind spectrum. shows significa
range from about 300 eV to 3 keV. The high-energx
with energies above approximately 4 keV, corresponds to protons Propagating
upstream from the bow shock., 1Its presence is dependent on the satellite
location and interplanetary magnetic field orientation. The Plasma sheet
Spectra tend to be an order of magnitude Or more below those of the magne-

tosheath, while the high-latitude magnetotail spectrum is about an order
of magnitude below those in the plasma sheet,

nt fluxes in the energy
interplanetary tail,

It should be noted that the interplanetar
arc not truc isotropic fluxes; thercfore,

cannot be obtained by multiplying by 4m,

Yy and magnetoshcath Spectra
a true omnidirsctional flux

Composite isotropic electron spectra fr
in Figure 13, The high-cstimate pPlasma sheet Spectrum and the inner mag-
netosphere spectrum show comparable fluxes for energies above 200 ev,
Below 200 ev, the high-estimate magnetosheath spectrum and the inner mag-
Netosphere spectrum show comparable fluxes., The interplunctary spectrum
is necarly identical with the low~cstimate magnetosheath spectrum for

cenergies above 50 eV, while the high-latitude magnetotail spectrum is one
to three orders of magnitude below the other spectra,

om the five regions are shown

The relative importance of g spectrun
regard to its radiation damage potential,
As an example, Scction V desceribes the
the ISEE-A/-3 orbit,

from a particular region, in
depends on the satellite orbit,
application of this cnvironment to
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Iv. THE ISEE-A/-B ORBIT

As introduced carlier, Figurc 1 shows the projection of the model
magnetospherc and some of the revolutions of the ISEE~A/-B orbit rotated
into the X-Y plane of the GSE coordinate system. The schematic defini-
tion of the five spatial regions is also shown in the figure. Because
the Z-axis is not shown, regions D and E are represented by the same area
in the X-Y projection. Of particular interest, in this case, is the evo-
lution of the orbital position with respect to the various spatial regions.
Starting from launch on Day 288, 1977, the spacecraft crosses the bow
shock until late January 1978, It enters the high-latitude magnetotail
in late February of the same year. About 6 months after launch, the apo-

gees of ISEE-A/-B precess 180° from the dayside to the nightside of the
magnetosphere,

Figure 14 shows the details of the first 6 months of orbital time
in which ISZE-A/-B are located in various regions. It can be seen that
the major regional contributions to the orbit come first from the inter-
planetary medium; then from the magnetosheath plus the inner magnetosphere;
and, finally, from the plasma sheet and the high-latitude magnetotail.
When the orbit-averaged spectra are calculated, the fraction of orbital
time in each region is used as the weighting factor for that region. Re-
sults of these computations are presented in Section V.

As previously noted, the classification of spatial regions is limited
by the constraints of the current computing programs and the availability
of the low-energy particle data. Some areas of relatively less extent
but of considerable scientific significance, such as the plasma mantle

or boundary layer, are omitted in the present version of the environmental
estimate.
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V. ‘Tl APPLICATION OF THE ENVIRONMENT TO T ISELE~A/-B ORBIT

mc number of days per revolution in a given region for cach of the
first 76 ISEE-A/-B revolutions is shown in Figurc 14, This group of revo-
lutions comprisecs approximately 6 months and corresponds to an apogec pre-
cession from latec morning to near midnight. This sample of revolutions
can be used to generate an average revolution in which the spacecraft
spends a certain percentage of its time in each of the five regions.
Weighting each region spectra by the corresponding perccntage of time
spent in the region and summing the resultant spectra yields an orbit-
averaged spectrum. Figures 15 and 16 show the results of this analysis
for the ISEE-A/-B orbit as applied to the proton and electron spectra, re-
spectively. The percentage of time spent in each region is indicated in
both figures along with the weighted spectra and the final orbit-aver-
aged spectrum. Most of the time is divided among regions of the inn-~r
magnetosphere (32 percent), interplanctary medium (25.2 percent), and
magnetosheath (20.8 percent); while little time is spent in the plasma
shcet (12 percent) and high-latitude magnetotail (10 percent). In order
not to underestimate the final fluxes, the high-estimate spectra were

used when available,

It is apparent from Figure 15 that the magnetosheath is the major
contributor to the average proton spectrum for energies below 5 keV, while
the inner magnetospherc is the major contributor at higher energies. If
the low estimate had been used for the magnetosheath, thc average spectrum
would have been reduced less than a factor of three for encrgies below
5 keV and an insignificant amount at higher energies.

The corresponding analysis for the electron spectra is shown in Fig-
ure 16. Approximately half of the average spectrum is derived from the
inner magnetospherc. The remaining half is contributed by the high-esti-
matc magnetoshcath spectrum for cnergies below 300 ¢V and by the high-
cstimate plasma shect spectrum for energies above 300 eV, 1If the low-
cstimate spectra for the magnetosheath and plasma sheet had been used,
the average clectron spectrum would have been reduced less than a factor

2f two.

The significance of the inner magnctospherc proton and clectron
spectra for energics in the range 100 eV to 100 keV is now apparcnt. As
discussed in Section TI1, this region is characterized by large spatial
and temporal variations for low-cnergy particles., It is likely that the
composite spectra for this region overestimate the average situation, but
it is difficult to say by what factor. More obscrvations, on the dayside
particularly, arc needed,

The orbit-averaged proton and clectron differential cnergy spectra

from Figures 15 and 16 are compared in Figure 17, The differentianl flux
]protons/(cm’°s'0V)j through o unit arcy, oricented perpendicular to the
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ecliptic planc and spinning, may be obtained by multiplying the spectra
in Figure 17 by a factor of . If the radiation d-.age cxpected from
thesc particles is not strongly cncrgy dependent, it is uscful to have
integral flux values. These values have been calculated by integrating
the spectra of Figure 17 from a given energy up to 10% ¢V and then multi-
plying by m to convert to units of integral area flux (JA) as shown in
Figure 18. An omnidirectional electron flux can be obtained by multi-
plying Ja by a factor of four. An omnidirectional proton flux cannot be
calculated directly from Jp, because the solar wind and magnetosheath
proton spectra are highly anisotropic. Appendix C gives the procedure
for an analytic calculation of the omnidirectional flux when the particle
fluxes can be represented by a Maxwell-Boltzmann distribution moving with
a bulk speed. A similar procedure for use with a K-distribution is given
in Appendix D. As an aid to the user, Table 2 contains numerical values
for the spectra shown in Figures 17 and 18,
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Appendix A, The Conversion From Fluid Parameters to Lnergy Spectri

It is sometimes possible to represent a particle population by an
analytic function employing only a fow parameters that have physical sig-
nificance. One such function is the Maxwell-Boltzmann distribution,
which is characterized by parameters of density (n) and temperature (M
(Coge, Scars, 1953). The Maxwell-Boltzmann phasc space density distribu-

tion function fp can be written as

3/? mv

= m . o 2KT
£ = 0 (ZreT e (A1)

where fp is the number of particles per unit (position) volume and per
unit velocity volume, having (thermal) specd v; m is the particle mass;
k is the Boltzmann constant; T is a characteristic temperature; and n is

the number of particles per unit volume.

Another function that has been found to be useful is referred to as

the K-distribution, which can be written as

.- nk! . 1
f, = K2 l‘(]\’-’g)ﬂ:’h W3 ( r v )KH (A.2)
KW* -

W is a thermal speed characterizing the
and the other variables arc as previously
given, In the limit of K approaching infinity, fi becomes the Maxwell-
Boltzmann distribution fm. Formisano et al. (1973) have defined a K-
distribution temperature T in terms of W using the rclation

where I' is the gamma function,
distribution, K is an integer,

e g [N
Kl = umh) (K:jz') (A3)

The two distributions given by (A1) and (A.2) do not have an explicit

angular dependence,

nsity distribution f, it is usctul to

Given a peneral phase space de
ntial-cnergy unidirectional flux j.

determine the corresponding differe

—— . 4

s




xpressing these quantities in terms of differential elements yields

- dN (A.4)
£ dx dy dz dv, dv, dv,
. dN
R NI TR VR (A.5)

where N is the number of particles;
Vxs Vy, Vz are velocity coordinates;
solid angle, and L is an energy.
ume elements to give

X, ¥, 2 are position coordinates;
A is an area, t is a time, Q is a
By transforming the differential vol-

v dvy dv, = v2 49 dv (A.6)

dx dy dz = dA dz = dA vy dt (A7)

where vy is the component of particle velocity perpendicular to area dA,

f can be written as

f=d . ____dN
RNV 7w o o e (A.8)

By restricting df2 to be per

pendicular to dA, VN can be replaced by v,
Differentiating the nonrel

ativistic particle Kinetic encrgy

o= tmv?

(A.9)
to obtuin
dii = mv dv (A10)
and substituting into (A.8), yiclds
_n o dN Coom ‘
F= T JA dt ddarE v \"J (A.11)
I8
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where j is the desired flux as given in (AdS)e The general result of

(Aa12)

can now be used with (A1) to give the isotropic Maxwell-Boltzmann eneryy
spectrun jy:

bl
£

. nm” y?2 - ol
I = kvt ¢ 2 (A.13)
In the solar wind and in the magnetosheath, the proton fluxes are
anisotropic because of the bulk motion, It is found that an isotropic
distribution, such as the Machll-Boltzmunn or the

formed to a reference fr
reasonable representation of these particle fluxe

tions, the particle phase space density distribution is found by trans-
forming the isotropic distribution f(W) to a coordinate systo

with a bulk velocity Vg, Using the Liouville Theorem,
phasc spuace density remains constant under the tr

K-distributjon, trans-
velocity, provides a
S. Under these condi-

ame moving with the bulk

R moving
in which the

unsformation,
f1(W) = £, (v-Vy) (A.14)
where
W=V - (A.15)

and w is the thermal velocity,
is the bulk velocity, and f1 and f, are the ph
butions in the stationary and moving refere
Thus, referring to (A1),
a bulk velocity V

V is the observed particle velocity, v,
ase space density distrj-
hee fraues, respectively,
a Maxwell-Bolt:munn disty

ibution moving with
s can be written

. IR - mly
fin =11( ) LT

kT o (ANolo

and using (A1), the flux Is piven by
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where

N ok

[9-Vs|? = v? + Vg - 2y vy cos 0 (A.18)

and 6 is the angle between the observed particle velocity and the bulk
velocity. In a similar manner, the K-distribution flux can be found for

a moving reference frame by combining equations (A.2), (A.3), and (A.15) "
to obtain the new phasc space density distribution function; then, using |
(A.12) to obtain the differential-encrgy unidirectional flux., The re- ;
sult gives {
X
o oe o nKGEP v 1
= 5 (K-%)? ¢ o 1, ke
TR (R4)™ (RTY EAAL (A.19)
2(K-%)KT

e ns

where |v-Vg| is as given by (A.18).

All calculations for this study have been made using the following
values for the physical constants: proton mass (mp) = 1.67 x 10727 kg
(1.04 x 1072 eVesecm™2); electron mass (me) = 9.11 x 107%! kg (5.66 x

10-1¢ eVesecm™2); Boltzmann constant (k) = 1,35 x 10723 J.g~! (8.625 x
107% evek=ly,
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Appendix B,

The Derivation of o Time-Averaged, Solar Wind Proton Speetrum
e perivation ol e-averaged, ) AL

Typical solar wind fluxes, obscrved over a period of
g show bulk speed variations of more than a factor of two.  Using a Maxwell-
Boltzmann distribution function in a reference frame moving with the bulk
speed to represent Vela 3A and 3B data, thwulhiawsen ot al, (1970) have
miade a statistical study of the relationships among various solar wind
parameters,  These observations, covering the time interval July 1965 to
November 1967, were made near solar minimum and during a rising portion |
of the solar cycle. Based on an ll-ycar cycle, the next corresponding
. period (1976 to 1978) should overlap the [SEE-A/-B launch date. In any 1
' event, a strong solar-cycle dependence for the solar wind paramcter rcl
tionships is not expected,

months, may

-

Table 3 presents the Vela 3A and 3B corrclations between the solar
wind velocity (Vg) and density (n) and temperaturc (T). Also given is the
normalized frequency of occurrence (probability) of solar wind velocitics
in specified ranges. By combining these data with the expression for a
Maxwell-Boltzmann distribution in the moving frame as given by cquations
(A 18) and (A.10) of Appendix A, it is possibie to construct a time-aver-
aged, solar wind proton spectrum (Gs). Writing the solar wind proton
spectrum (jg) to show the explicit dependence of n and ‘' on solar wind %
speed, yiclds 1

Vg : - “TW‘)m o (v1evy1.2v V, cos 1)
EISTOAI (B.1)

where paramcters not defined here are as given in Appendix A.

t The time-
averaged spectrum (js) can now be obtained from

\.mux

- o I
o= [ vy -q--f dv, (B.2

avs Vs -

Viin

where
\.ﬂﬂll J
dl: , {
ol = (B.3) :
\, - i

min

I is delined as the probability that the bulh solar wind speed is Vg, ’
and Vg and Vi e the minimum and maximam solar wind velocitios pre-
sented in Table 3,0 the resulting spectrum, looking into the hull

(00, has a much broader energy spread than any

] ow
individoal abaervation '




and is shown in Figure 4, The peak flux occurs near 600 ¢V and ncarly
all the flux lies between 300 and 2000 eV, A technique for obtaining a
usceful average spectrum from this highly anisotropic flux is given in
Appendix C.
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Appendix €. The Derivation of g spin-Averaped, Solar Wind I'roton Spectrum

The highly anisotropic solar wind proton flux can be reasonahly ap-
proximated by a Maxwell-Boltzmann distribution ina reference frame mov-
ing with the bulk flow speed,  Irom Appendix A, the differential cnerpy
speetrum (jg) can be written as

N |1 G A S DUV SRV 1
© ek C (Y

where v is the observed particle velocity, Vg is the solar wind (bulk
flow) velocity, 0 is the angle between v and Vg, and KT is a charactor-
istic thermal energy. The other parameters are as defined in Appendix A,
Typical values for the bulk flow energy (lif), given by

Ly o= tavg? (C.2

e -

arc two orders of magnitude larger than the characteristic thermal cnergy
(kI).  This anisotropic flux cannot casily be used for this study in the
form given by cquation (C.1). Since one objective of this study is to
assess the radiation flux reccived by the spinning ISELE-A/=B spacecraft,
it is appropriate to consider the specified geometry,

Figure 19 shows a schematic representation of a plane arca (dA) as
an approximation to the side of the spinning ISEL-A/-B spacecraft, where
the spin axis is perpendicular to the celiptic (X-Z) plane and to the
bulk flow direction (Vg)o  The radiation received by this planc arca will
vary with the angle n as the spacecraft spins in the presence of an ani-
sotropic flux like the solar wind, The approach adopted is to construct
an cffective isotropic flux (Jse) that will provide the same radiation
through the planc arca (dA) as the average received during onc rotation,
This cffective isotropic flux may then be compared and combined with
other isotropic fluxes, with the restriction that it only be used to de-
termine the average radiation on a spinning planc arca when the spin
axis is perpendicular to the bulk flow,

As is well known, the flux through an arca from

one side (hercafter
referred to as arca 1 lux,

JA) in the presence of an tsotropic dilreren-
tial flux (j) is independent of orientation and is given by

a i (Ca3)

—

et

- i ek e+ e ettt AR L L e i

i
1
i
i




where dQ is a differential solid ungle, and typical units of jp are [par-
ticlos/(cmzzs-oV)]. It is now necessary to calculate the spin-averaged J
arca flux (jp) in the solar wind, Using cquation (C,1) and referring to

the geometry of Figure 19, jo for a given angle n can be written as

NP .. AR ey E&F BT W5 R - 1AL B SRR S

M) = i, (9) cos ¢ dg (C.4)

where

cos O = cos § cos n + sin £ sin n cos ¢ (C.5)

dQ = sin £ d& d¢ (C.0)

.
LRSS S GNP e &5 §

The spin-averaged area flux (jpo) is now found by averaging over the angle
n to give

- 1 7.
Ja = ;afJA (M) dn €.7)

where, by symmetry, ihe integration need only be curried out over a
half rotation.

In general, combining equations (C.4) and (C.7) requires
numerical integration. However, an approximation is possible in this
case since the thermal component of particle energy is a small fraction
of the bulk flow component. Rewriting equation (C.4) with n = 0, gives

a triple

| Z3) m 2 2.
$ _ nme v - (v eV % 2v vy cos §)
Wor =/ [ G ™ :

£=0 ¢=0

cos & sin & df d¢ (C.8)

wherc 6 = £ from cquation (C.5). Performing these integrations yeilds

jA 0y = n(kT)yz (mvv.‘i - 1) C- 'T%‘('-Vs)zd- c- _T'&ET‘(vz‘V,z)

- Y
(2mm)amvg” KT (€.9)

where j, (o) is the area flux for a unit arca that is perpendicular to the

bulk flow. By making the approximation that this flow has no thermal
componen®, the arca flux at angle n is given by

A




jam) 7 Ja(0) cos (C.10)
for |n| - /2 and zero elsewhere,  Substituting jA(n) into cquuation (C.7)
yiclds
17 iW(0)
o) = [ A (0) cos nody = AL (C.11)
0

for the spin-averaged arca flux., This approximate expression is accurate
to better than 1 percent as indicated by computing the triple numerical
integration implicit in equations (C.4) and (C.7) for the solar wind
parameters given in Tuble 3. Therefore, the cffective isotropic flux
(jse), using equations (C.3) and (C.11), can be expressed as

Jre = 45(—9-)— (C.12)

w

where jp(o) is given in (C.9). Time averaging of j, (o) has been performed
using the procedure given in Appendix B, The resulting time- and spin-
averaged cffective isotropic flux is shown in Figurc 4,

Other gcometries, besides that given in Figure 19, may be usceful in
some cases. Onc of these is the radiation received by a sphere of unit
cross scction, which requires a determination of the omnidirectional flux
(jo). For the solar wind, jo is given by

o = [, (0) g (C.13)

where js(0) is given by equation (C.1), and df is given by cquation (C.0)
with 6 = £, The result gives

2kl

Jo = mv,, [J', (0=0) -, (0=M] (Co14)

where Lypical units of j, are [particles/(em®eseceV)].  This spectrum may
also be time averaged using the procedurce in Appendix B,
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Appendix b, The Derivation of a Spin-Averaged, Magnetosheath Proton
Spectrum Using a K-Distribution Function

The anisotropic magnetosheath proton flux can be rcasonably approx-
imated by an isotropic distribution function in a reference frame moving
with a bulk flow speed., The K-distribution function, with K = 2, has
been found to be appropriate in many cases (Formisano et al., 1973) and Y
also approximates the composite spectra shown in Figure 7. From Appen-
dix A, the differential energy spectrum (jg) with K = 2 can be written as

—
Sl sath oo

3 _ 4nm” v? . 1
K2 ~ Vi 3 T g
m (kT)% [l + %T (vZ + ;2 - 2v V; cos 6)] (0.1)

where v is the observed particle velocity, Vf is the bulk flow velocity,
® is the angle between v and Vf, and kT is a characteristic thermal en-
ergy. The other parameters are as defined in Appendix A. Unlike the
situation in the solar wind, the bulk flow encrgy (Eg) given by

Ef = 12me2 (D.Z)

is of the sume order as the characteristic thermal energy (kT). Never-
theless, the anisotropy is gencrally sufficiently large that it is ncces- .
sary to calculate an effective isotropic magnetosheath proton flux (jg.)
as was done for the solar wind protons. This flux will provide the same
radiation through a planc unit area as the average received by a spinning
unit area with its spin axis perpendicular to the bulk flow velocity. 1f
the spin axis is not perpendicular to the bulk flow velocity, this ap-
prozch will overestimate jy,. A detailed description of the geometry is
given in Appendix C and is shown in Figure 19,

The flux through the unit arca (area flux -j,) for arbitrary angle
n can be written as

a ) = fika (1) cos & d (1.3)

where

e N

cos 0 = cos fcosn 4+ sin & sinn cos ¢ (ho4)




d2 = sin £ d& de (1.5)

and jgo(0) is as given by cquation (D.1). The spin-averaged arca flux
is now found by averaging over the angle n to give

T
W = %of ja (M) dn (D.6)

where, by symmetry, the integration need only be carried out over a half

rotation. Using equation (C.3) from Appendix C, the effective isotropic
flux can now be written as

Jke = (D.7)

:!>-|

where the calculation of jp involves a triple numerical integration,

The high- and low-estimate magnetoshecath spectra of Figure 7 cor-
respond to jy,(6=0) with Vf = 280 km/s and kT = 400 eV. These spectra
differ only in the density parameter with n = 17 cm™2 and 2 em™? for the
high and low estimates, respectively. The derived effective isotropic
spectra (jg.) are also shown in that figure.

As discussed in Appendix C, flux estimates for other geometries may

sometimes be useful. In particular, the omnidirectional flux (jo) from
a K-distribution, with K = 2, may be readily found from the expression

Jo = [ika(8) da. (.8)

where jy-(9) is given by equation (D.1), and dQ is given by equation
(D.5) with 6 = &, The result can be written as

STt . . m .
Jo = 2:;1;3,{ (sz(()=0) * [1 + %]—.l—.(v—\',)z] - Jka(B=m) o [1 + ']:T[T(V+V{)?]> (h.9)

where typical units of jgu are [particles/(em®esecV)],
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Table 1, Spatial Regions of the Near-lLarth Lnvironment
for Illigh-Altitude Satellites

Eight Regions (Vette ct al., 1976)

I'ive Regions (Present Study)

1. interplanctary medium 1. interplanetary medium
2, dayside magnetosheath )
2. magnetosheath
3. nightside magnetosheath ‘
4, dayside magnetosphere
3. inner magnetospherc
5. nightside magnetosphere
(-10R<XGSE<0)
6. midlatitude magnetotail
(XGSM<-10RE,
2Ri:< | ZGSM-Zneutral sheet|<ORE)
4, plasma sheet
7. neutral sheet region
(XGSM<-10RE,
| ZGsM-Zneutrel sheet|<2R):)
8. high-latitude magnetotail 5. high-latitude magnetotail
(XGsm<-10Rg:,
| ZGSM-Zncutral sheet |>6R}:)
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Table 2, 18EE-A/=B Orbit-Averaged Spectra /
Je Jap*
; Differential Flux iffective Differential FFlux
| Energy (eV) [electrons/ (cm®esesrecV)] [protons/ (cm?ssesrecV)] -
1 x 102 1.6 x 10° 1.z x 10" ;‘
4 x 102 2.0 x 10° 4.2 x 10* 1
6 x 102 1.2 x 105 4,7 x 10" 9
1 x 10° 6.8 x 10" 2.7 x 10" ]
4 x 10° 9.0 x 103 1.8 x 103 ?
1 x 10* 1.3 x 108 4.7 x 102
4 x 10" 7.0 x 10 1.7 x 102 1
1 x 10° 1.1 x 10° 8.5 x 10! .
]
?_ Jae Jap*
: Integral Area Flux** LEffective Integral Area Flux**
i Energy (eV) [electrons/ (cm?es)] [protons/ (cm?es)] i
1 x 10% 1.1 x 10° 2,25 x 108 4
4 x 10° 5.6 x 10° 2.0 x 108
1 x 103 3.4 x 108 1.2 x 108 ' ‘
4 x 103 1.0 x 108 6.2 x 107
1 x 10" 3.5 x 107 4.8 x 107
4 x 10" 5.0 x 10° 2.3 x 107 J‘
8 x 10" 1.7 x 10° 6.0 x 10°
1 x 10° 0 0 ‘

*The proton fluxes have been spin averaged (see text) in such a way that
they will give the average flux passing through a spinning arca when
the spin axis is perpendicular to the celiptic planc,

**Note: 10° 0V
"A. Ef ToodE

k.

)
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Table 3,

Proton Solar Wind Parameter Relationships*

o o e -

Vs Freqigncy n T
Velocity Interval In Density Temperature
(km/s) Interval (cm™?) (X)

250 - 300 .050 9,2 2.50 x 10"
300 - 350 .245 8.5 4,50 x 10*
350 - 400 .270 7.8 7.50 x 10*
400 - 450 .190 7.5 1.12 x 10°
450 - 500 .110 6.9 1.45 x 10°
500 - 50 .065 6.5 1.75 x 10°
550 - 600 .040 6.0 2.05 x 10°
600 - 650 .020 5.8 2.20 x 10°
650 - 700 .010 5.5 2.45 x 10°
*Vela 3 - July 1965 to November 1967 (Hundhausen et al., 1970),

af




A N
\Bow Shock
Magnetopause
—_—.\ \‘
~ \
~SL®ON ®
©] N\
AN
110.21h\ Launch \
77.288.15.5 h } \
@©®
289.18 h
90.12 hIC—
312.11 h—
A
51.21h 339.17 h
ama———
20 10 0 10 20 30
Xase(Rg)

Magnetosheath

@ Inner Magnetosphere

@ Interplanetary Medium @ Plasma Sheet

@ High-Latitude Magnetotail

31

Figure 1, ISEE-A/-B Orbit Rotated into the GSE X-Y Plane
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